petition, the odds ratio (OR) of the factor loading value of disease of the circulatory system in high and middle market competition was 1.0562 times higher (p < 0.0026) and 1.3435 times higher (p < .0001), respectively. Our results demonstrate that an increase in market competition had a substantial effect on hospital specialization among inpatients with disease of the circulatory system. Our findings provide useful information to health policy makers and hospital managers.
Ⅰ. Introduction
In the Republic of Korea, since the establishment of the National Health Insurance (NHI) in 1977, with a universal health care coverage attained since 1989, the demand for hospital services has significantly risen with the increasing number of hospitals. Unfortunately, as competition between hospitals has increased over the years, hospital closure rates have also increased (Lee & Alexander, 1999) .
According to one report (Yang, 2002) , 8.1% of all hospitals in 2001 were in a state of bankruptcy, and between 1996 and 2002, the average annual hospital closure rate was 4.2%. This rate is about 3 times higher than that of the US (1.3%) in 1999 (Office of Inspector General, 2001 ). This high rate of hospital closure has been a major source of concern for the hospital sector. Accordingly, many hospitals have been faced with financial deterioration, with many external forces, such as the prospective payment system (Moon, 2015) further worsening financial performance of the hospital sector (Levit et al., 2002) .
In some cases higher market competition has resulted in high efficiency, (Lee et al., 2015) , affected quality of care and health care service utilization (Kim et al., 2017) . In light of the current competitive marketplace, the Korean government have designated hospitals meeting certain structural requirements as specialty hospitals since 2011 (Kim et al., 2013) such as hospitals specialized in heart disease.
Especially, death from heart disease is a main health issue not only in Korea but worldwide (Jee et al., 2014) . In worldwide, an estimated 17.7 million people died from cardiovascular disease (CVDs) that generally incurred from the presence of one or more risk factors such as hypertension, diabetes, hyperlipidemia in 2015, representing 31% of all global deaths. Of these deaths, an estimated 7.4 million were due to coronary heart disease and 6.7 million were due to stroke.
In markets where specialty hospitals exist, bigger general hospitals often experience decreasing market-share. By offering multiple services, hospitals may retain overall market-shares. To compete aggressively with specialty hospitals, these hospitals need to consider whether they should develop similar dedicated centers and if so, which sites offer the greatest benefits from specialization (Berenson et al., 2006) .
The hospital specialization may benefit from economies of scale to reduce average healthcare costs (Kim et al., 2015; Lee & Chun, 2010) , improve quality of care such as thirty day mortality and length of stay (Cho et al., 2016; Kim et al., 2015; Luft, 1986) , and achieve efficiency (Kim et al., 2015; Lee et al., 2008) by deploying workers based on their individual skills (Taylor, 1911) .
In light of the increasing levels of market competition in the hospital sector, we lack empirical evidence of the effects of market competition on hospital specialization. Therefore, the aim of this study was to investigate the effect of market competition on hospital specialization among inpatients with diseases of the circulatory system.
Ⅱ. Materials and Methods

Data Sources
Data were from the National Health Insurance Service-Cohort Sample Database (NHIS-CSD) from 2002 to 2013, released by the Korean National Health Insurance Service (KNHIS) . The initial NHIS-CSD cohort data comprised of 1,025,340 participants, approximately 2.2% of the entire population in 2002 and established by stratified random sampling using a systematic sampling method to generate a representative sample of the 46,605,433 Korean residents recorded in 2002, excluding non-citizens and special purpose employees with an unidentifiable income level. The baseline cohort members were followed for 11 years until 2013, unless the beneficiaries were disqualified due to death or emigration. Detailed methods for establishing and ensuring the representativeness of NHIS-CSD cohort are documented in the Korean National Health Insurance Service website. 
Study design
We linked each inpatient with diseases of the circulatory system according to the hospital's license number, using a separate licensure hospital database containing information on calendar years, and transposed claim data into a longitudinal design for repeated measurement. Linkage between each inpatient with diseases of the circulatory system and the individual hospitals allowed us to investigate the association between market competition and hospital specialization in a 12-year follow-up sample.
To measure the market competition (Herfindahl-Hirschman Index, HHI) for 16 administrative districts per year, we included only patients who were admitted to the general hospital or hospitals with diseases of the circulatory system (I00-I99), as the main diagnosis based on the International Classification of Diseases, Tenth Revision (ICD-10). In terms of dependent variables, inner Herfindahl-Hirschman Index (IHI) and Category Medical Specialization (CMS) as hospital specialization were measured for all hospitals each year. To account for hospitals specialized in diseases of the circulatory system in each factor category, we conducted a factor analysis for hospitals comprising of 21 disease categories based on the ICD-10 in each year. Factor analysis is a method for investigating whether a number of variables of interest are linearly related to a smaller number of unobservable factors. After extracting the factor loading values from factor analysis in each year, we identified whether hospitals are specialized in diseases of the circulatory system or not based on the factor loading values in each factor category, and dichotomized them as high or low using the SAS Rank function as the dependent variable (high: specialized in disease of the circulatory system and low: not specialized in disease of the circulatory disease).
Study variables
A. Independent variables
We measured market competition using the Herfindahl-Hirschman Index (HHI). 
The HHI is the sum of squared market share of the hospital under the defined market. Market share,   , is calculated using only the total number of inpatients with diseases of circulatory system. The term indicates each hospital and n is the total number of hospitals in a specific market area. To measure the different effects of market competition, market competition was categorized into three groups as high, middle or low using SAS rank function.
B. Dependent variables
1) Inner Herfindahl-Hirschman Index (IHI)
Zwanziger, Melnick, and Rahmian (Zwanziger et al., 1996) initially has proposed IHI to measure market concentration using the sum of squares of the discharges from a disease category, viewed as a proportion of all discharges from the hospital. 
2) Category Medical Specialization (CMS)
In order to account for the diversification of organizations and the idea that hospitals can be specialized in terms of professional expertise or technical equipment within a given diagnosis category, CMS index are based on patient volumes rather than patient proportions (Lindlbauer & Schreyogg, 2014) , as measured by IHI that rely solely on patient proportions. It might be problematic for larger hospitals that provide a high number of diagnosis categories, as the patient proportions in each category are relatively smaller in such hospitals. Previous study (Lindlbauer & Schreyögg, 2014) shows that specialization as quantified by our novel measures has effects on efficiency that are the opposite of those obtained using earlier measures of specialization. In addition, to avoid disadvantaging smaller hospitals, CMS chose an alternative criterion for sensitivity analyses, defining specialization in category j as treating more than 80 % of patients in that category.
where   = mean number of patients treated nationally in category j.
  = diagnosis category   in hospital  if the proportion of overall patients treated who are in that category is greater than 1/21(number of disease categories). Hospital  can be identified as a specialized hospital only if a defined minimum number of treatments,   , is reached in category .
To avoid disadvantaging smaller hospitals, we define specialization in category  as the case where more than 80% of patients treated are in that category. 
C. Control variables
Statistical analysis
In this study, the units of analysis are each individual, each hospital, and the region hospitals are located. We employed the analysis of variance (ANOVA) (Perneger & Perrier, 2004) and generalized estimating equation (GEE) regression model, accounting for correlation among individuals and hospitals within the specific regions (Twisk, 2004) . In GEE, proc genmod was used, with link log, distribution normal given that the distribution of hospital specialization varies nonlinearly with market competition. SAS 9.4 (SAS Institute, Cary, NC) was used in all analyses. All statistical tests were two-tailed, with the null hypothesis of no difference being rejected if p < 0.05.
Results
Of the 4,928 inpatients with diseases of the circulatory system included in our study at baseline, the mean of IHI was 0.190 (SD: 0.158) and the mean of CMS (Table 1) . Table 2 Table 3 shows the adjusted effect between market competition and factor loading values categorized as high or low through the SAS rank function which computes ranks for one or more numeric variables across the observations. Compared to low market competition, the odds ratios (OR) of a high factor loading value of diseases of the circulatory system in the high and middle market competition were 1.0562 (p < 0.0026) and 1.3435 (p < .0001), respectively. We also examined the association between market competition and hospital specialization according to the degree of factor loading values of diseases of the circulatory system. Results of a subgroup analysis according to the degree of factor loading values found hospital specialization for IHI and CMS in both the low and high factor loading values (Table 4) . 
A. Discussion
In a nationally representative sample of inpatients with disease of circulatory system, the results of this study of a nationally representative sample of inpatients with diseases of the circulatory system indicate inter-hospital competition, using both IHI and CMS indices, as a plausible explanation for the high possibility of hospital specialization. In addition, the association between market competition and factor loading values were statistically significant, with higher market competition being significantly associated with increased rates of factor loading values, denoting hospital specialization.
The rise and fall of a hospital may be determined by financial pressure at multiple time points rather than a single time point. Thus, hospital specialization would be the result of a successive series of long-term exposure of market competition rather than from an exposure at a one specific point in time. Our study used longitudinal data with repeated measurements in the same subjects, taking into account correlations at the individual level and regional level of hospitals.
Hospitals specializing in certain areas, such as cardiology (Al-Amin et al., 2010), benefit from economies of scale and have the potential for higher quality associated with providing one or two service lines. They that focus on a selective range of profitable services, have better control over costs, and deliver higher quality of care.
The increase in hospital specialization with an increased market competition could be explained by the "resource partitioning theory" developed by Caroll. (Carroll, 1985) According to this theory, although competitive markets impede other general healthcare organizations from entering the market, it eventually encourages the specialization of hospitals. Al-Amin et al. (2010) reported that competitive market environments have a positive effect on the entry of specialty hospitals. Increased market competition encourages the market entry of specialized hospitals that focus on one or two service lines like "focused factories." In addition, Tiwari V et al. (Tiwari & Heese, 2009) showed that the value of specialization is contingent upon the competitive pressure that the specialized competitor exerts on the market.
Specializing one facility yields the greatest benefits for the market when the competitor is located at the fringe of the market, thus presenting a reduced threat to the hospital market. Prior studies have shown that hospitals with greater number of specialized services are reportedly associated with a lower likelihood to close, (Longo et al., 1996; Williams et al., 1992) and by providing differentiated services from others reduce competitive pressures (Robinson & Luft, 1987) .
In South Korea, since the National Health Insurance (NHI) was instituted in 1977 and universal coverage achieved in 1989, the healthcare delivery scheme was set up to provide specialty care in the hospital through the referral by primary care physicians (Noh et al., 2006) . Moreover, universal coverage based on a low physician fee schedule and the recent introduction of a prospective payment system (Moon, 2015) that originally was designed to promote efficiency of hospital operations (Lee et al., 2008) have further accelerated inter-hospital competitions. In response to this situation, designation of a specialty hospital by the government has driven hospitals to diversify and concentrate on providing specialized health services.
In today's health care industry, we believe that our findings will prove useful to health policymakers and hospital managers who anticipate future threats and opportunities. Especially, the insights from our results can provide useful guidelines for policymakers and social planners while formulating policies that impact competition in the healthcare markets. In addition, our findings add to mounting evidence on the influence of hospital market competition on hospital specialization.
These results could serve as a basis for adopting policies and regulations of the hospital industry.
This study has several limitations worth noting that warrant caution in interpreting the findings. First, due to the lack of an official designation of hospital markets in South Korea, we used geopolitical administrative districts as a proxy measure for the hospital market. This might have introduced some bias on the impact of market competition on hospital specialization. Further research is needed to define hospital markets that are specific to South Korea. Second, a distinct market position of hospitals has significant implications for the competitive market environment. Failure to consider a hospital's market position may over-or under-estimate competition in a given market. Thus, a hospital positioned above the market average may experience weaker competitive pressures than an equal-sized hospitals located on the market average. Third, a lack of data in terms of aspects of hospital performance was another limitation of our study. Our data set did not include the institution's financial statements, prohibiting examination of the financial viability of individual hospitals. Finally, the ICD-10 coding of principal diagnosis was used for the selection of participant. Because we used an anonymized database it was not possible to validate individual ICD codes, and thus cannot rule out errors related to coding.
Despite these limitations, to the best of our knowledge, this study is the first to examine the effect of market competition on hospital specialization in South Korea.
In addition, this study is based on claims database from a nationally representative Korean sample of NHIS, with long follow-up of observations to verify the impact of market competition on hospital specialization. Therefore, our results can be generalized to the South Korean population.
B. Conclusion
Our results showed that an increase in market competition had a substantial effect on hospital specialization among inpatients with diseases of the circulatory system.
In the era of increasing market competition, our results may help hospital administrator and health policymakers better understand the effects of inter-hospital competition on hospital specialization. Further replication of this work in other countries and healthcare settings are warranted. 주요 용어: 경쟁, 병원, 전문화
